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PREFACE

The High-Speed Research Program and NASA Langley Research Center sponsored the NASA
High-Speed Research Program Aerodynamic Performance Workshop on February 25-28,
1997. The workshop was designed to bring together NASA and industry High-Speed Civil
Transport (HSCT) Aerodynamic Performance technology development participants in areas of
Configuration Aerodynamics (transonic and supersonic cruise drag prediction and minimiza-
tion), High-Lift, Flight Controls, Supersonic Laminar Flow Control, and Sonic Boom Predic-
tion. The workshop objectives were to (1) report the progress and status of HSCT aerodynamic
performance technology development; (2) disseminate this technology within the appropriate
technical communities; and (3) promote synergy among the scientist and engineers working
HSCT aerodynamics. In particular, single- and multi-point optimized HSCT configurations and
HSCT high-lift system performance predictions were presented along with executive summa-
rizes for all the Aerodynamic Performance technology areas.

The workshop was organized in three sessions as follows:

Session I Plenary Session
Session II Independent Session
Session III Executive Summaries

The proceedings are published in two volumes:
Volume I, Parts 1 and 2 Configuration Aerodynamics
Volume II High Lift

Conference Chairmen: Daniel G. Baize and Robert L. Calloway
NASA Langley Research Center
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Full Configuration Force and Moment Calculations using
Multiblock CFL3D on HSCT Configurations

Grant L. Martin and Robert P. Narducci
McDonnell Douglas Corporation
Long Beach, California 90807-5309

During the past year, the McDonnell Douglas Corporation (MDC) has
made large strides in Computational Fluid Dynamics (CFD) analysis of
increasingly complex HSCT configurations using both serial and parallel
computational platforms. While tools for grid generation and analysis on
serial computers have remained relatively unchanged, a new gridding
strategy has been employed to obtain Navier-Stokes analyses of HSCT
configurations which include the wing, body, nacelles, diverters, and
empennage. Additionally, with the promising efficiency of parallel
machines, MDC has contributed to the development of CFL3Dhp, a parallel
version of CFL3D for the IBM SP-2.

Presented herein are full configuration Euler and Navier-Stokes solutions
obtained using CFL3D on the NAS C-90 and IBM SP-2. With the
objectives of validating CFL3D for supersonic cruise calculations on
several platforms, CFD results for the Reference H and Technology
Concept Airplane (TCA) configurations are presented in a build-up
fashion. The build-up fashion entails analyzing the simplest of
configuration first, the wing/body (W/B) followed by the additional
complexity of the empennage (W/B/E), then nacelles and diverters
(W/B/N/D), and finally the entire configuration (W/B/N/D/E). A thorough
build-up has been performed on the Reference H configuration, while the
TCA build-up work is still in progress. To assist in the validation, a
number of comparisons are made to available experimental data from the
NASA Langley Unitary Plan Wind Tunnel (UPWT).
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Supersonic Cruise Point Design Optimization of TCA

Eric R. Unger
Robert P. Narducci
James O. Hager
Geojoe Kuruvila
Peter M. Hartwich
Shreekant Agrawal

McDonnell Douglas Corporation
Long Beach, California 90807-5309

Since July of 1996, McDonnell Douglas (along with other teams from
NASA Ames and Boeing Commercial Aircraft Group), has been working on
a second series of optimizations for the TCA configuration. The approach
used at MDC was conservative in terms of acceptable geometric qualities
that were allowed to appear in the final Cycle 2 design. The hope was that
any final outcome would be more robust and raise the least amount of
uncertainties from other technology disciplines. The downside of this
approach was the inability to fully maximize the possible L/D gains within
the given time and within these strict geometric guidelines.

This paper presents an Overview of MDC’s final Cycle 2 configuration.
First, a brief introduction and highlights of the new design are given along
with some geometric details. Second, a look at the configuration’s overall
performance and pressure field details will be given. Next, some details of
the design constraints that were used during optimization will be described.
And finally, the paper will close with a summary of the Cycle 2
configuration and a look ahead to the immediate future.
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Improvements to the MDC
Nonlinear Aerodynamic Design Tools

James O. Hager, Peter M. Hartwich, Eric R. Unger,
Geojoe Kuruvila, Robert P. Narducci, and Shreekant Agrawal
McDonnell Douglas Corporation
Long Beach, California 90807-5309

Nonlinear aerodynamic optimization is considered a key technology
required to develop a High Speed Civil Transport (HSCT). Within the
High Speed Research (HSR) program, McDonnell Douglas is developing
nonlinear optimization tools to be able to support the launch of an HSCT
program at the end of HSR II. This paper presents recent improvements to
the tools. :

The first set of improvements were made to be able to optimize the
Technology Concept Aircraft (TCA). The TCA presented some grid-
generation issues because it is a true low-wing configuration. In addition,
several constraints were required to maintain a realistic design.

Second, the geometry modeling capability was improved to move toward
full-configuration modeling. Empennage effects have been modeled, and
wing/body/flaps configurations can be modeled. Efforts were also made to
produce and improve tools required for integrated wing/body/nacelle/
diverter modeling.

Third, alternate gradient evaluation techniques are being examined to
replace the finite-difference calculations currently being used. ADIFOR
was applied to CFL3D and demonstrated for a 100+ design-variable
problem. Also, an adjoint module is being created for TLNS3D.

Finally, a transition is being made to a modular design environment to
facilitate improvements and the addition of new codes.
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Flap Optimization Grid
Single Block, C-O Topology, 145x33x91
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Baseline Nacelle/Diverter Reintegrated to a New Wing Geometry

Reintegrated Nacelle/Diverter

212

Baseline Nacelle/Diverter

Diverter Region Closeup

Diverter (black) is regenerated to fit new wing




‘s19do1aAdp OINDSD Y3 JO A[NPaYds oy}
ynm sanpqiqeded uorersua8 prid aoejns q/N/g/ M Jo suorsuedxa 10 sjusumsnipe ainyng

10§ spaau s, saoed STYL "OINDSD JO 3[qeIndaxa ayj 03 ssadde AJuo sey DA ‘puodss
‘dn 39s 03 asnradxe pue awm saye) Yomym weans ndur pajrejap 1ayjer e saxmbar OQNDSD
1sIL] "OANDSD Jursn Ul paIdajumodud swa[qoid om) 3A0WAI OS[e p[nom STy,

-dojaaap 03 payedtpduwod ssaf yonw st ‘ssadoid uaaLp-1dios

ay3 uey) 3[qIxa[y ssaf a[ym “eoxdde snyy, “poyrawr uoneqiniiad prid swmoa YsaAXo[]

S, DN Yim wayy Surjdnod pue sainpour uonerdauad prid adeyins parm-prey Apsowr

Sursn jo xoaey ur paddoip sem yoeordde sy, ampowr uorjerouad prid usanp-jdLos

e oyur Aypiqeded snyj a3eadayur 03 pue sprid adeyns (1/N/d/M 3urganizad 105 ‘OQINDSD
s,A918ue] YSVYN ‘ 1003 uoneqiniiad prid umsixa ue asn 03 pauue[d sem 31 ‘Afreut3LQ

UOIJRIIUIC) PLIO) deJIng (I/N/9/M dNewony
:Aniqede) Anjowoan) paaoxrduig

213



a|qejieAe Ajuo s|gelnoaxe —
9.1eMYyos UaALIp Indul —

OANDSH uo Aouapuadap pIOAY e

acodin
uiyim uoneibalul jo Alixe|dwod aonpay .

214

SVYITONOAad TITINNOAQOW ——

:o:Em:mw plIY) 92eLINS a/N/g/M d1ewoiny
:Aljigeden Anjawoax) panoidu)




"9[NpOoW uoHeIdUS3 PLId 9deJINs pajerdajul ay) Aq pajersusld aq Apuasard
ued pId 9deyImns ay3 Jo suontod Yorym sajensnyyr 21y siyy ur saydyed prid aoejans
oy, -dwm sty ye 93epdwod juadiad (/ noqe st ssedo1d pajewone SIyy uo yIom ayJ,

‘aoeds 1ajawered jeyy ojur sauryds 1eauriq Suisn paddew
usy} st (ssado1d uonezrumdo adeys ayj Jo 3nsar e se) Anawoad Apoq ayp Jo uonIuap
pajepdn sy, -aoeds 1ajewrered (am) e ojur paddew st yoyed adejans Apoq Surnsixe v

uoyeIdUIY) PUIY) 3d'JING (/N/I/M dHeWony

215



pajewolne 134 jou spub adeuns auoz ajedipul sease Aeiy)

uoljeIauaY) pLIY) 3oeuNS JaUaAI/alleoeN/Apog/bul \\ onewoIny

216



‘pansand
udaq sey aurayds uoreqiniiad prid pajewoine ‘auore-puess e jo juowdopaap ‘snyj,

"T[oM SE SIDAJOS SMO[J I9Y30 Ynm pafdnod aq prnod jeys ANmmn suoje

-puess e aq aqrssod se yonw se pnoys (00} uonegqimniiad pud sumjoa pud e A[jerouss ;nq

“ISATOS MO[J a3 se (QETID uo AJa1 Appuasaird ‘QgOAIN ‘7003 ulisap adeys s,DJIA se0p A[uo

JON 'T003 u31Sop Z8NAS U3 Ul IDAJOS MO[J 93 “/Z80 1 JOA[0S I9[NF 3y} ojur pajerdajur A[y3ny

SI ENRIVM ‘OS[V "S90eJI13)ul 3d0[q pud (payorewsiw-jurod 10 payojed 03 pasoddo se)

paydrew-jurod Yyjm sprid Yo0[qunuu [puey] 0} pajruu] sI (00} ST} “I9A3MOL "UOTjewone Jo
19A9] Y31y e apraoxd o3 pawre st ‘e RIVM ‘Poydwr uorjeqinirad prd awnoa sayjouyy

‘s1adoressp
S,0IAIDSD JO sonpayds ay} Yiim juswdo[aaap apod 10§ spasu s, DA Ysdw 03 saxmbaa
UdIYyM dIeM1JOS STU} JO d[qeINdaXa 3y} 03 $s300€ ATUO sey DA ‘OS[V- “seanmjrpuadxa 1_ndwod
uey} aArsuadxa arowr yonuw st 1oqe] wewny] ‘sprid payoyed yporqumur xa[duod 103 sYdap
mdur dn sjas oym door-ayi-ur-uosiad paypys e saxmbax (OINDSD “2°1) [00} [euoneInduod
Bunsixe aup ‘ssedo1d uonezrumdo adeys srwreudposse ue Jurmp sarrPWI0A3 SureIyIre

ur sadueyd 03 pajsn{pe A[snonunuod aq 03 pasu sprid reuonendwod 3urwrojuod Apog

(YSINX3T) uoneqIinjisg pHo awmjoA d/N/4/M
:L31qede) Anjauroan) paaoxdurg

217



it

8p02 82IN0S 0}
Sse00k salinbal poylaw Jo Anjiqipusixa/ANjiqixs|

paJliajald si yoeoidde Juspuadapul-ias

splib payojed
3OO0|qinwi 10} 8|qelns aq 0} spaau ABOJOPOYISIN -

°
218

Pl

10sH 2=
(usexold) uoneqiniiad piY awnNjoA A/N/9/M
:Aljigeden Aljawoax) panoiduwl

SYIDNOAa TTINNOOGOWNW ——




: -yoyed £pog-prjos

© 9PISUT SIPOU I9jSeW 0} JOIUU0D £ayy asnedaq auerd jo no dod yeys saae[s 0} anp sadeyIAUI

ypoiq pud paginirad ur sexids sproae wejsAs 1913-0M) ST, “yoyed aoeyms e jo 19jewtiad

oy Suope syurod 19)sEW 0} PadNOD S8 SIPOU JAR[S IO [V "IPIOUI0D IAR[S PUE ISeUT

yeys axmbai xape] ayy 10§ s3urdnoo aAe[s /193N ‘yoyed e yons apisur Sur4] asoyy pue yojed
ooeyns e jo 1juriad ay) uofe SO} :SIPOU ISJSEU JO SISSE[D JUIDHIP OM} 1€ 1YL

Sa0R}IR3UT Y20[q PLS payprew-jutod urejurew
0 sday [us (¢ pue ‘ssevoxd uoneqmizad prid ays Jo £>usriyge euonemduwiod ayy asoxdu
(¢ ‘souerd pud paginiiad ur ssauyoous jo uonearasaid ayy sapre (1 2mpdnns pudqns

Y ‘sedey 00[q PLI3 Sy} UT SpLI3qns JO SDTHIA YIIM PIJEIDOSSE 918 syurod aaeys Ay,

"SsaIppe S, J9jsewr

U} OJUT SSIIPPE §,3AL[S 3} uTI03s Aq I12ISLUI S} YHIM PIJRIDOSSE ST IAR]S © ‘sny ], I_dqUNU

(ssaippe) o[3urs e Aq paynuspl aq 03 jurod puid e syruzad a1ndNIs ejep [EUOISUSWIP-IUO0

o], "sAeiIe [EUOISUSWIIP-3UO UT UOTRULIOFUT pud ayy Sutross (7 Aq pue ‘edue)SIp WNUITUTW U0

SOPOU JAR[S S} PUE 9pOU ( 90eJINS 10) I9}SeUI B U99MIq drysuoneer ayy urseq (1 £4q passnye

stsnyy, 700y Jomndurod ayj 03 juaredsuery saLrepuNOq 320[q puis a3 ayew 0} st sprid paydyed
Yoo[qunur Uo asn 10j poyaut uonjeqinyiad pud pajewojne ue jo juswdo2Aap Ay ut e

(USOIAIX[]) uoneqIniiad pHd dwnjoA d/N/4/M
:Aymiqede) Anjpuwoan) pasoxduy

219



Yored eoeuns-plos e jo Jajewnad ay)
buoje sepou Jejsew o} pejosuuos ase sepou aAe|s Apog-jjo —

yoyed
SJBUNS PIIOS B Ulyim [BOjUSPI B1E SBPOU BAB|S pUE J9)Sel —

$8pou Jsjsew dnoib 1oy walsAs Jai-om| e

220

Aurenb pub pue Aousioyye o) saoey %00|q pub ul spubgns —
Buissaippe 10a.11pul sesn Juswabeuew Alowaw —
SOUE]SIP Winwiulw uo paseq Buljdnoo ane|s/io)sew —

seliepunoq %o0jq pub jo Aousiedsues| .

N SVIONOoa TITIINNOADW ——

(usaxald) uoneqiniag puy swnjop a/N/g/M
:AMjiqede) Answoay panoiduwy



"p113 aurpaseq sy jo Sumyojasys prid ayj apjel

pH3 a3 jo oLIa3ur 9y Ut suorjeqinizad ayj Jo UoHNqLISIP 3y} ‘sny |, ‘adeds 1ojourered
Arewoysnd a3y uey; 1ayjer adeds restsAyd ur paurograd are suonejodiayur ay

"}00[q PLI3 Yoes JO urewop JOLIdJUT 33 OFul

payejodisjur axe spudqns ayy ur syuawade[dsip ays “‘Afjeury ‘sprSqns assyj JO JoLIjuUT

oy} ojur pajefodiajur aze spradqns ay jo 193wiad a1 Suofe sapou ay3 jo Juswaderdsip

9y} ‘uay ], ‘spH3qns ay Jo sadpa ayy Suofe sapou 0} paridde axe sjuswaderdsip

3y} ‘ys1g -anbnnyosy (141) uonejodiajur syrurysueny pazan-sa1yy e Sursn £q pus amuo
oy} noy3noay; parededord are spridqns assyj Jo 20134 3y JO spuawade[dsIp Ay,

'S90RJINS

Bururzogep apdynuu jo sdussard ay ut prid ays Jo Aa8ajur oYy saInsuS UoHOUNY %Mumv

9y ‘yusuwm3ie renusuodxa ayj se 103094 Juswade[dsIp ayj Jo apnjrudews ayj o3 I19)sew

pue dAB[S Ud9M}dq 3DURJSIP 84} JO OTFRI 3Y3 UM UOTINJLISIP URISSNED) € A[[RIJUISSS

st uonpuny Aedap 9], ‘sapou aaes aanadsar ayj 03 paridde st ‘uonouny Kedsp e yim
pareds ‘qurod 19)seur sy Jo Juswadedsip ay ‘Anowoad adeyins ayy ur sueyd e IPYY

(YSIAX3[) uoneqiniivg puo awnjoA d/N/4/mM
:Ayniqede) Anjowoan) pasoxdurg

221



YO00|q _u_‘_m yoea Jo Jouslul ayl ui sepou ayj 0} >=m:= —
spubgns ay) Jo 08Ul Y} Ul SBPOU 0} udy} —
spubgns jo sabpa ay} Buoje sepou 0} 1s1l —
SOOIUOA JO Sjuswade|dsip
sojebedoid uonejodiolul ayuysuel] e

222

saoeuns pijos aidiynw yum spub jo Abejul
sanJasald uolouny uonnqulsip ueissner) e Buisn buijeos —

sJajsewl 1oy} JO SJUBWBAOW MO||O) SBAR|IS e

SYIOSNOAad TITINNOAOW ——=

P.JU0D - YSaNXxa|4
:Alngeden Anawoax) panoidw



"$a3pa ¥o0[q ay3 Sursiaasuen saur] pus Jo Aymunuod sy} Aq pue saurg

pu13 ay3 yo Surjordiano 30a319d a3 £q payospgal st Lypenb paypyew-jurod ay jo aduruLUTR

'ssado1d uoneqinizad ay3 Jurmp pauresar st prid surseq ayj jo Aypenb paydjeur-jurod ST}

Jey} samsus swads uoneqinirad prid ayy Aq pasn amjongs pri3qns ayy Moy S9}elSuUowap

a3y sy, “uonem3yuod pazrundo ayj 10y 93e[@sny aY3 0 IUIPIOUI PISEIIIUT UR Je

pue 1y31y pajunous st Jurm ay3 “‘uonjeIn3yuod suraseq ayj 03 paredwion) "3pIS UILAI}SUMOD

$31 03 $)O[q P13 oM} pue sued edtsAyd smy jo aprs ureansdn ay 03 y00[q prisd suo are Az

23y apsoduwod sty jo 3red doy sy ut pajesrpur suerd resrsAyd ayy 03 nqe a1 03 awod JeYy
$3[00[q p113 a1y} JO SPLI3 3dejIns oY} moys 2m31y SIY) JO WO0RO Y3 Je S[IeIdp 0Mm} Y]

"'S9pOU 3deyIns 00’001 ULy} 210w
pue sjurod prid uoru 9-z uey a1ou Jo s)sIsuod ‘suonnjos 1o[nyg Junndurod 10y a[qeyms ‘prid
SIYL "UORRINSHUOD ISHISAIP /I[adeu/ Apoq/Suim [INT $0F1 Y3 1940 PLid payored ¥oo1q-97

€ 0} dws uoneqinitad puid ayj jo uonyeoridde ue jo 3oadse suo sayensnyt a3y sy,

S3DBJIDU] MDOg PIYDIILIA-JUIOJ JO IIUBUIJUTRIA
uonensuowd (] UoeqInidJ pIo) MIO[qUNIA

223



N
%ﬂ%
ERTRNTRHA
Eeseuunti |

, T

ﬂﬂhn-———?%%

”ﬂr’ﬂ"ﬂ!ﬂ‘ﬁ
Sy

pUYH pagunuad puH suljeseg

lauanig/sjieoeN/Apog/Buim LINI VOV 1

saoelau| ¥o0|g pPaydle-luiod Jo mo:m:mE_m._..._f.._,
uoljeljsuowiag uoijegqinuad puon 3oo|qninin

224



-sadejans prjos apdnnur jo aoussaxd sy ut prid ay3 Jo Ayi3agur sy saasesaxd uorouny Kedap

© JIM SOPOU ,AE[S, Y} JO JUSWIAOW ) SUI[eds MOY sa)ensn{[l 2n3Y STy, "IOMSATp I9[[e) e
03 SUTPEa] “PaIaMO] U] Sey J[30eu Y} pue padueyd sey adefms 3uim Jomof ayj Jo adeys ayy
'Knjouroag pazrumdo sy 03 durEseq 8y Wy Juron) “adefIBuI paydrew-juiod e dreys yorym
s3po1q prid omy 03 Juofaq SPII3 TeUOTINIS-SSOID A, "UOLFRUIqUIOD JOHISATD /3[[30kU pIeoqul
a Jo preoqur pue Surm ayy pun sary suerd [eorsAyd snyy, 2an3y sty jo uonrod doy ayy ur
paurmno auerd tearsAyd e ur spiId [euonOIs-ss0I> MOYS 2IN31y SIY} UT S[Te}dp WI0330q 0M} 3,

"SapOU 20BJINS (00’00T UeY} 2I0W

pue syurod prid UOI[IW 9'g UBY} 3I0W JO S}SISUOD ‘SUONN[OS Ia[ny Sunndwiod 105 a[qeyms “prid

STYL "uoneIn3uod 193IaAIp /d[edru /Apoq /Sum [INT 7071 243 Joao puid paydjed 300[q-gz e
03 awayps uoreqiniiad pug ays Jo uoneotdde ue jo oadse FAFoUE SArRASNI(T JINSY ST,

sadejing Apog 9[dinAl JO 3dUISAIJ Y} Ul pH) Jo AJI8aju]f
UoTjeIjSUOUWd (] UoneqIniIdg puo MPoiqum

225



=

et
(444

By
M.

ireyeg

lauanig/aj|eoeN/Apog/Buip LINI YOV |

sadeung Apog ajdniny Jo souasaid ayy ul pux) jo Aubajuj
uonesisuowaq uoneqinuad pun yooiquniy

226



-2deys soeyns paqinyiad e o3 ururiojuod sferwoujod pauyap astmasard woy
pamdwod st adeys ssoym saury pud 3uore sapou soeyms sy |, Sutaow, £q paysidwodoe
stsy] "pu8 adejans Teurdrio ayy jo Sumeds aAnye[a1 3y} S3103SaI I Jeif} Yons p113 aoejIns

oy} Sunnqustpal Aq parpawai st sjurod ploYy PUe 3JeJINS U39 M3 JOSUUODSTP ST,

"Inojuod £poq-pros ay3 3uoe 3urdeds prid ayy ur saBueyd s[qrssod noqe uoneLIOJUT

Ou SI 319Yj ‘sny], "A[uo uoneuiojut X334 pridqns Sursn uonejodisjur wosy pamndurod

dIe SaDIIIA PH3QNS , 19)SBUI, -UOU U3 M} SIPOU JO S3JRUIPIO0D Y[, , SISISeul, ay)

JO JusaWwdde[dSIp S} MO[[OF SPLI3QNS JO SAONIAA 3], ‘SMO[[0] e paure[dxa aq 03 St STy,

"SSOUMS PLI3 S[qeIapISU0D Jo uondnpoIul 34y st Ayjiqedwoout sty Jo sousnbasuod

3y} ‘MO[3q PaYdIRs Sy 'PHI3 aurfeseq a3 Jo Jey) woiy juarajyip aynb sSunyojans

P8 ym spud adejuns ajersuad A[[euorsesd0 0} punoj aam SSHHN Yong “APmn

[eUI9)X3 WOS YHIM pajerauad usjjo st prid adejins mau vy “Ayiqeded uorjesousdar
prad-soepans e o3 sureyrad poyawr uoreqiniiad prd sy ur smjesy IPyjouy

UOTIRIdUd 3 PIID)-20eJIng pajeurony

227



pug peqinuad OO o
pugouieseq W ©

sjutod pug oAe[s-uou, W O
SpLI3 qns JO SONIA @ O

/o

) 4
228

SYT1S5n0d TITINNOOOW ——/—

uoneiauabay plIH-99eLing pajewoiny
:Aujigedesn Anawoar) panoiduj



"uoneIM3yuod g/ M ST} I9A0 PLIS dUI[aseq Sy} Ul punoy S[PAI[ 03 Ayreuo3oy310 jo a9139p ayy
$310}$31 PLI3 ddepNS 3y Sunnquysipay "papraoid se pasn s pris adeyns a3deasny ayj J1 [eapr
ST} WOIJ sajerAdp AJreonselp aymnb auQ “adejims £poq ayy 03 feuo3oypio are a3e[asny ayy wIoy
areuews jewy AnswrwiAs jo suerd ayy ur saur] pud oy ‘Ajresp] ‘panord st AnourwiAs jo auerd
U3 UT UOTODIIP [eIpel a3 Ut aul] pLid 1oyjo 41949 A[uo ‘sasodind uonensnyyt 104 -a3efasny
3} JO PLIZ 30eJINS 3} 03 SJPIUUOD SAUT] PHIS JO ST 3} JO AUO MOY moys am3y sy
ur s[rejsp 1amof pue 1addn sy, Anaunuis jo suerd ayy ut pus ayp jo yred ypm 3uore ‘udisap
VDL TeaUI[UOU S3eIpauWIdjul Ue ‘uorem3yuod g/ M €30 VD1, ays smoys am3iy sy jo red
BN 3y, “Apiqedes uoneqinyiad prd-adeyms e 105 pasu ay; SajerSUOWSP a3y sy,

uond3fo1g pri) aoseying pajewioyny

229



JRE e

uonoaloid pLY soepNg pajewoINy

\

S U W TR S

L S

230



*AEOCIN UT D10 JO ISAJOS MO[J a3 Afpuasaxd

‘ST TOAJOS SMOIS-IS1ARN] / I3[N{ duTaseq a3 uey} LIowsul dIow juad1ad (g noge

Auo sarmbai Auarmd ysaAXa[q ‘yuadiad Gz JO ssadXa Ut sanreuad Arowaw snotaaxd woig
SOJAIX3[ J0§ syuswaambai Arowsur ayy unpal Ut apew Usaq dArY SIPLS JedID

-awuny Surndwod Jo Spuodas maj e

ATuo saxmnbai suonenSyuod 10312A1p /3f[90eu /Apoq /Sutm L DSH Y} 1940 SPL3 soo[qrmu

payojed a81e] Jo uaas ‘ssaooad uoneqinyzad Tenyoe Y], “prid suraseq uaAIg Aue 10§ 9dU0

Auo pandwod st uorRULIOJUT AJIAT}OIUUOD 3} JeY) J0U OS[Y “I9sn PI[[P{S € JO UOHUSAIUL

aasuadxa jo sAep uaas 10 sinoy Surimnbaz oYM uoTyse; pajewone A[Y3ny e uf

synsax asayy saonpoid 31 yeyy purw ur doax ‘YsaAXS[d Jo duewriojrad ayy Surdpn{ uy -spow

sossadoid a3urs ur pasn 1mdwod p6-D ALID) € 10] UIAL3 axe s3urwn oY, "UOTIS S

ur pajuasaxd Afsnoraaid se swrayps uorjequniiad prid ays jo suonedridde sy 1oy sonsyess

3UIOS SJSI| MOJ2q 3[qe} Y], "PISSAIPPE 3 0} SPasdu [[1}S AOUSIId JO aNSST 3y} “poyiow
uoneqinizad prd YOO[qUNW Y JO SSIUSATIORJFd S} PIJeLSUOWIP SUTARY IoYY

USIAIX3 Jo Aouamiyyg

231



(89/501)
A

J10ssa20.d 8|buls ‘ieindwod -0 Aei)) 10) Bl sbujwn,

(Useyxel4/ac14D)

(GS/96)
LG

(L2/ot)
19

SMW Ul Alowey

S08S $°02

S09S |'gl

S08S 6°G

Juaswisnipy puo

S08S 6°'G/1L

SO8S |'LE¢

S09S 9’}

»

uonewlojuj AlAosuu0)

JO UoljeIBUBY)

9/9'801

650201

L2681

SOpON 92BlNS JO ‘ON

232

L60°6EL°E

96%'9.9°C

¥18'826

SOPON JO 'ON

61

8¢

I

$300]g PUD JO 'ON

A/N/a/M

a/N/a/M

a/M

Ajewoar)

1dO VOl

1NI vOv L

€1dO VOl

uoneolday

SVYITONOAad TITINNOAIDN ——

Usoxal4 jo Aouajolyg
:AMjigede) Anjowoax) panoiduwg



*Koeamdoe pasoxduur 103 renyuajod ayj pue £ousniyje pasoxdwir ayy 10§ UISOYD

sem poyjawr sy ], ‘AESN 1L 10J S[Npoul Jurofpe ue ST poyjaw 3)eUId}[e puodas Y],
*Aoeamdoe pasoxdur

3y} 10J U3SOD Sem poyiawl SIYL A€ TID 107 YOLIAV SI POYISW djeurajje 3sIj oy,
‘sa[qerreA u3rsap Jo JIAqUINU 3y} Yim
Apreaur smoid awm-N gD sy pue ‘az1s days a3 uo juapuadap ST SUOTIRINITED 3UIJIP
-331uty Jo Adeandoe oy} “renonired uf “suonemoyed JUSTPeId Paseq-adUSIaJJIP-o3IuLy

JO SUOT}EITWI] 3} aWI0212A0 03 pado[aaap 3uraq st AJiqeded Juatped ajeurdjfe uy

Aiqede) juarpers) ajeurdyy

233



(¢ Aoeinooe pue) Aousiolyje panoldw| <

AESNL wiolpy —

Aoeinooe panoidw] < ge140 101 HoLIay —

uonenjens AIANISUSS SleuId)Y

234

sSAQ O Jaquinu yum Aeaul smolb swiy NdHD —
azis deys uo Juspuadap Aoeinooy —

SUOI1B|NDJBD 90UBI8)JIP-81IUL} JO SUCBHWIT

SY19Nn04ad TITINNOOOW ——

Alj1qede) juaipels) ajeula)|y



"S9[qeLIeA USISIP JO IDGUINU [[EWS € Jo AJTATIISUSS 8y Sunen[eas 10ssadoxd yoes yym
[9reed Ut 9pod 3y3 uni o} st Juswaambai siyy sonpar 03 Aem Lses uy A[snosuejnuurs
sa[qertea udisap Jo Iaquunu a3Ie[ & 10§ SORIARISUSS 3}eNnjeAs 0} awm NJD
pue Lrowawr sandwiod s3rey saxmbai s apod ay “pasordwr a[IYp "8pod surfaseq
AgT1ID 031 Ajqereduwiod ajqeindaxs ayy azrumdo 03 s1a[idwod uen1o] mofpe 03 ssadoad
AOA1aV 3y3 3uid[dde 1ayye apod o jo syred Surioysax £q pue ‘1 uorsiaa ‘qe1dD Jo
jueLIeA 13[nyg J0 posiaul a3 Ajuo 3urssadord £q passryoe are Adusmyge ur sured 1aylmyg
s1sATeue AJIATISUSS 31} 0} JURAS[I SPOD 3y} JO suondss o3 Afuo paridde st YOIV
‘yoeordde snp uy "wrI0] (A1 EINT [EIUSWIIOU] UT UOHRHIUSISHIC] dHeWomY) [[qV
ue ur parpdde sem YOAIQY ‘SPO> AITATIISUIS JUIIDLJS 210U & UTe}qO 03 1aPI0 U]
‘uonyedrjdde udisap [esnoeld Aue 10§ sATsu3PUI-AIOWRW 00} PUE JUSYJaUL AIoA 3q
[IIm 9pod Aj1anyisuss 3unnsal sy} inq ‘opod sisA[eue ue 03 apowr xoq-oefq e ur parrdde
3q Ued YOJIAV "S3Pp0od SM0)G-I31ARN pue Ia[ng Yjoq Surpnput ‘opod Aue 03 pardde aq
ued 31 ‘uonIppe U -[003 sisATeue ue SurjeniuaiafyTp Aq sjustpeId syeindoe L1 aonpoid
[[1M 31 9sned3q dARdRIRE ST (NVIALIOL Jo uonenuarafyq dnewony) JOJIaAV

de1do 103 yOod1av
:Ayiqede) Juarpeis) ajeurdy

235



WA ‘SMAON HodmaN ‘-ouj ‘solneuoiay
|63 ybnoiyy 0so|0 "V "IQ pue JojAe| Y "joid Aq pawopiad sem YoM SIy L

|ajjesed ui Buiuuni Aq swi} NdD 8onpay —
1Ay aei4o :¢en3a) ‘1'vA ‘aeldo
01 (J1gV) @Anela]] [eljuswalou] ul uonenualsy|g onewoiny —
2INPad0Id

_sa|gelieA ubisep Jo Jaqwinu dfsijeal B yum wajqo.d
ubisep e 10} HOAIAV 10 Aujiqises; ajensuowaq o

(S-N/18In3) apoo Aue 0} ejqeodlddy —
SOAlleALIap 8lelndoe SOpINOId —

(NVH1804 o uonenualay|d olewolny) HOo4Iav -

SYTONOAd TTIANNOAOW ——

236

aci4d 10j 4O4Idv
:Aljiqede) juaipeln ajeuldly



‘saunyoew ad £3-Ler) uo suonesridde udisap

reonoerd Ut [IAV ASTLD Sursn 10§ Y31y 003 st [[Hs Mg ‘A€ TAD 0} UOHRHUSISHIP dlewome Jo

suorjedijdde snorasid ur pasuariadxa usaq sey Jeym Uelj} 1939q Yo ST ST} * puey] suo 3y}
uQ ‘sajqeriea u3Isap Jo IdGUINU 3} YITM 3[eds (IS spuawainbar Arowsw §,11AQV°AL 11D

*ap0d (114D SUIPskq Ay} WoIj Uonnjos playymorj pajeadar pue

SOT}IAT}ISUDS Y} 10 SIDURIIJJIP-9}IUly Juisn uey} I9Mo[s apnjiudewt jo 19pIo ue 1M (¢ TID

JO SUOTSIaA Pa-YO4IAYV snoraaxd ‘aandadsiad ur s1apew ind 0], *SDUIJJIP-STULY WO

SOT}IAT}ISUSS 9} djenjeas pue apod (g 14D duiaseq ays Suisn 10§ parmbai swm Sugndwod
Y} 901M] JNOQR UI SIIANISURS pue sisATeue saonpoad [[AV A 1dD yeys steadde 31

‘suonN[os pymop pajeadar
03 saouarayytp aytury Sutd[dde £q pajenofed a1om SIIARISULS 9y} ‘Op0d (¢T{D dulfeseq

oy Suruuna Jo 9sed up IV AL TAD W UM pue g1 durPseq sy yim pamnduiod
SeM UOTJeULIOJUI AJIAT}ISUSS S [[9Mm Se sasA[euy ‘paje[nuiioj sem uonean3yuod Apoq
/3UIm /-5 A 943 0] PIJE[NULIO] SeM SI[qereA UdIsap G SUIA[OAUT J$9) YIRUNPUd] Y

Aduanyyq - [IAV AL TID

237



SMIN 65

SMIA 0L Aowsiy

soestl /7 /¢

soesn '8} a|qeuen ubisap / |

S00S1 G'88|

soest £'g1 (epouysjoho/ewin NdD =) L

1dv"aei14o

den40O suljeseq

lossaoolid ajbuis ‘dIN-A Aein -

so|qeleA ubisep G —

1av°'dendo -

(18In3) L'y uoisien ‘qeT40 -
ylewyouag e

238

SYTON0a TITINNOAODNW —

Aousioiy3 - 1av'ag1dd

:Aljigede) jusipelr) ajeulaly



"13sN 94} JO
aousradxa Ay} JO UoToUNy B Yonw A19A 3 UED SIUTANISUSS 3dURIdJJIp-a31uly Jo A>emdde ay}
SEaIayM UOTYSeJ JJO spuey e ur paonpoid st UOHeuLIofur AJIAINSUDS JOIIAV Y} “19AMOH
*SONTATHISURS YOIV d¥eindoe Ay ‘uontunsp Aq ‘9 se poo3 se 3q Ued SIUTATISUDS
IOUDIJJIP-93IUT) JeY} UMOW[[oM ST 3] ‘pamnduwiod atam 43y} Aem 3Yj Ul uey) SaA[aSWA}
SOTITAT}ISUSS 3} 10J SaN[eA Y} Ul ss3] sal] sayoeoidde oM} ayj usamiaq SdUISJJIP YL

(@4 1d1sqns 3y Y3m payHuapt) SIOUSIHIP 31Uy
UM pue (JIAV Pa[2ge]) UOHEUSISJJIP dijewiome Yiim pamnduwod se SalIAT}ISUSS 3Yj JO
SOT)RI 9} SIAIS 3[qe} SIy} ‘Jeyd snoraaxd sy} ur passndsIp 389} FIeUnousq sawes a3 104

Ademdy - 1AV Ae1ID

239



a|qeue) ubise(

so|qeLeA ubisep G-

Hav'aeid4o-
SOIHAINISUSS 10§ S8oUBIBYIP-8)IUl} + L' UOISIOA ‘QET14D -

yewyouag

SVTONOAa TTINNOAODOWNW ——

Aseindoy - |Iav'ag14d
:AMljIqede) Juaipely) ajeula)y




-sonneuoIay d[3ey Aq SUTRNSUOD JO 310U Y}
surepdxa sy, "syuressuod ay} SuruIaou0d UdALS sem Aemad] YonN -pafoxd uonensuowdp
ST} Ul pasn 3q 0} a19Mm Sa[qeLIeA ugisap 01 ey} 210w jey; pajendns sem i

-(2A0qe 23s) uoneIN3PUOd YD L Y3 JO UOHIISIANUI a3efasny /3uim

a3 a[puey 324 10U PMod ARIDY “PIOUSUIWOD SIFIALDL 35 SUIT) SLf 1V 'SONeuoIoy

a13eq 03 papraoid aq pnod ‘AN S, DAN 100 uotjeIaua3al prid 3snqol e asnedaq
S3STDI9X3 USISAP 3S9Y} 10] UISOYD Sem uorjen3yuod Apoq/3utm 1LDSH V.47 TIN dUL

-gyN e Jomndwod prrered

Z2-dS NGI a3 03 31 3110d pue 1932303 A30[0porjFow ugsap orseq Jayjer e nd 03 padyns

Jsny], 3500 a[qeydaooe je udisap ONURUAPOISE JESUTIUOU UL PASN 3¢ UED sa[qerrea udsap
JO IoqUINU DSTTEdI B UM TIAV AL TID 124 Sunyensuowap uo nd sem siseyduryg

uonensuowd(] usrsa( - 1AV A€14D
:Lyiqede) yuaipers) djeurd} v

241



ISIM] "Xew pue “uswow Buipuaq j004 ‘Y| :Sjuressuod —
(lequied pue ‘ssauxoiy; simy) s8|qelieA ubisep QO L< —
S8pouU £/ 1'0Le Yyum pub jeuoneindwon -
AId90 104 HOLIQV ybnoiyy seamsuss pub —
uoneinbyuod Apog/Buim j OSH V-4 2N -

so|geleA

ubisep Jo Jaquinu ansijeas yum wis|goud

ubisep e 1o} ||av'asT4o Jo uofjesisuowa(q e

242

SVION0Oa TTINNOAIDIA ——

uoneiisuowsq ubisaq - lIQvV-AL14D
:Aligede) jusipe.y ajeusayy



‘a[qerres USISap aUO 10§ UORULIOJUT AJIAT}ISUSS pue sisATeue morj e apraoid
A[snosueymurs 03 asn sem 1mndwod snyj jo 10ssadoxd yoeg ‘papraoid osye st remndwod
Surssanoid [aqrered z-JS NI Ue uo suSisap asayy 10§ axnjrpuadxa reuoneindurod ayy,

uSisop aqeidasoe A[eotwreudporae ue adnpoid ued [IAV AL TID 1Yl 2ins jewr

0} 323y Ajrues e se pasn sem uSIsep Puodas A, "ury} A[fednsijeaIun auredaq jsnl 3urm

U} ‘SJUTRIISUOD SSAWINY} JO Yoe B 0} anp [eonoerdur Jeymawos sem udisap Sun[nsai ayy
nq ‘Teod soueurtoyrad reuoneindwod ay) Surasnyde UT [NJSSAOONS SeM USISIP 3811 YL,

uonernsuowd( udIsa( - 1AV de1iID
:Ayiqede) Juarpern) ajeurd)y

243



91040 ubisep/ew} NdD sinoy g| noge -
so|qeueA ubisep Jo # = s108s820.4d JO # -

cdS-INGI o

uononpa. belp Jo sjUnod Z2°| -

so|0Ao ubisap g -

(1sm} ‘Joaquied) sajqelten ubisep Qg -
2# ubisoe( e 3

uononpal belp jJo sunod g/ -
sa]oAo ubisep g -
(1sIM] “Jaquied ‘sseudlyl) se|qeuea ubisap go| -

L# ubise( e

SVIDNOAd TIINNOAOWNW ——

 uonensuowsq ubiseq - 1AYAET4D
:AlljIgede) juaipeur) ajeutaljy




yoxeas (J-T a3 swirojrad pue ejep AJIAJISUSS JUSIDIJJO0D

-oTureuApoide ayj speal (qQEOIA ‘UYL “eiep ANATIISUSS JUSIDIJJO0D-OTWRUAPOISL dY)}
Saje[naed [IAV AL 1D ‘UYL "eiep ANATIISUSS JUSIDIJJO00-OTWEUAPOIdE Y} JO pedjsur
elep AJANISULS pLI3 saonpoid Jnq ‘SUOT)eNO[Ed SDUISJJIP-3Iul paepuess a3 swxojrad

ASOdN ‘@mpadoxd snp Ul TIAV A€ TID urdnod Ljasoor Aq agOQN oyut Anqiqeded
uonemoed Jusipesd sjeurd)fe ue sjerodIodur 03 apew usaq sey dogs 3811y ¥

durnidno) 11aV'A£14D/ALOAN
'uorje[noe)) yuaipeIs) ajeuIdl|y

245



£6-22-2 ‘HOr

9jl4 Lejsay ubiseg

8|l Indino ubisag
aJl4 Aunnisuas ooy
a1 uejsey ubisag
8|14 indu| ubiseq
m&m AuAnsues “oioy
Ot Incino €149 all4 Aynnisuss pLUo
a4 PUO
sajI4 AUAIISUSS PLD 9|l induj ge140
3|l Le)say ubisa(g
a4 Indino ubisag
a4 Mejsay ubisag
814 induy ubisag

Buidno) 1av-ae142/asoan
:uole|ndje) juaipels) ajeusady

246



"IN 31y a3 ur uUMoys st uoeqanizad .z

® pue ‘suorie[nofed a3 10§ pasn sem uoneqinitad o0 v o[qeredwod a1e saniATISUasS

Paseq-IIAV A< 1D pue paseq-aduaisgyip-a3uy oy, dn ays 03 Aeq 1ead oy} woy

payor uoneqmirad ay3 yim Yeaiq g Surm sy je juswaoe(dsip wnwmxew ay} yim

Teds eax oy ynoqe paridde sem 3sImi Y], TIAV ALTID UT SUOHRNITED PAjeTjuaIafyip

Ajreonewone pue qEOIA Ul SUOLRIND[ED 3dURISJJIP-a4uly Aq paidtpard sanianIsuss
dTureuA podse ayj a1edwiod 03 pasn sem a[qerrea usisap 1sim} Juim ap3urs v

AyIanIsuag Istm, SuIpm VDL

247



16-84-2 'HOM

€-3101°0 =Ap/70p ‘€-39€6°0=AP/'OP 1AV AE14D
€-3001°0 = AR/7OP ‘©-30€6°0 = AP/ 'DP :9ousIByIp-SHuI

auljaseq
pagqunuad

dij 0} Aeq ueab wo.uy payo -
yealq 37 1e uswade|dsIp "Xe -
leds Jeas ay] 1noge iSIM|_ -

R k-
s E:
i _._J
b B
N

Aianisuag isim buip VoL

248



"AETAD Yons sapod purmdn pay[ed-os 105 uey
dje1auad 0} 1915ed d1e sa[Npow jurofpe Surpuodsair1od yorym 10§ sanbruyay Sunusiayp
sAodua 31 asnedaq QENSTL 19AJ0S MO[J 3Yj 10 PIJR[NULIO ST PORdW Jurofpe sy

"(empour yuarperd) syustperd sy Jurureiqo pue ‘(npowr
jurofpe) sajqetrea jurofpe sy 105 suonenba jurofpe Surpuodsairod ayj Surafos ‘(apnpow
sisA[eue) suonenba mofy prepuess sy Surajos saxmbai poyjaw jurofpe oy

yoreoxdde paseq-yOJIAV
ue ‘duejsur 10 ‘Se ajeIndde se Jneyap Aq jou ale spoyjaw jurofpe ‘sny ‘uonenesd
juatpeId pue Moy yjoq Joj pud reuoneindwod ayy jo Aypiqeyms ayy uo puadap
spoyew jutolpe ‘sjustpesd ayemode unpoud jo sjqedes Jureq a[yp ‘safqerrea
uSrsap Jo squnu ay} jo yuspuadapur (A[oAnefar) st awm ) D) SY) 3dUIS AOUSIOIO

uo nd st sjusrperd Sunenteas 105 yoeoadde yurolpe ue Surssasse ur siseydwa ay ],

AESNLL yuto(py

249



so|qeleA ubiseq : ¢ ‘pUO : (9) X
‘so|qelBA MO|4 : (X) 1 ‘se|qeleA juolpy 1 (x11) ¥
‘uonouny 1s0D 1 (XM 4 ‘suonenbe J9IN3 1 (X7 ¥
ﬁ% .y ﬁé _®
xe|de " \¥J| 4P ginpow jusipein
%+ 3)

¥/ ginpow juiolpy

250

(18IN3-QESN1L) 0= ¥ :dnpow sisAfeuy
uone|NWIO]

Arenb-pub Ag paujwisiap Aoeinddy —

s A\ J0 Jequnu jo juepuadspul (Aleanej@r)awnl NdD —
sofejueApy

SYT195n0a TITINNOOOW —/—

AeSN1L wiolpy
:Aljiqede) juaipels) sjeuldly



‘AENSTLL 10§ uonenuIoy jutofpe ue pue [[AV'ALTID Se

yons sanbruyoa} uonen[eas jusarpeid ajeurs)e 9jerSUOWSP 0} IUMURUOD ST JIOM
"JUSUTUIWI SUOTeINSIJU0d pajerdajur yons jo uonezrumndo reauruou
e 9yew suorjemn3yuod (G/N/g/ M 10§ SpH3 swnjoa pue aoejins Sujerauad(-ai)
10J SaNIIIN e1dAag 's3umyas deyj oruosuer; jo uoneziumdo syrurad Aypiqeded 3urppowr
deyy pajewioine uy ‘paEpow 9q mou ued s329§j9 adeuuadwry "S[003 USISAP ITeSUTUOU

S, DN ur sanriqeded Arjawoagd ayy Jurpuedxa ur apew usaq sey ssaxdoxd yony

‘uonjeziundo yD 1.

3y} J1oddns 03 pappe 219M SJUTRI}SUOD [eUOHIpPE snosawmy ‘(SUOKOUNJ BaJe [BUOT)IdS

-SSOID 33e[asny pue suoHdUNJ [eprosnurs 3urm) sajqerrea udsap 1230 jo uoneddde

Y} Surdjipows pue (UOHIUISP [10JaTe SALIVS-G YOV N) s9[qetiea udisap Suippe

Aq pasearour sem adeds udrsap oy ‘osTy -oueld AnouwrwAs ayy 1esu 93e[asny JoUnSIp

ou st 313y} azaym uonezrwmdo yD 1, a3 11oddns 03 pasordurr sem Lypiqeded uoryeisus3d
pu8 ay 1 -apod uSisap QSO 24} O} 9PeW d19M SUOTIppe Jofew [e1949G

Arewruing

251



(ssesboid ul) geSNTL Wiolpy —
(ssaiboid u1) @e140 10} HOLIAY —
Ajnqeded jusipelb sjeuls)ly e

(ssaiboad ui) Bullspow Q/N/g/M pelesbaju) —

Buijepow 3/a/m -
sjo09)je abeuuadwy —

b___n_mamo Adwoab panosdw|
Ajigedeo ubisap panoidw| .

252

SYTONOA TITIANNOAOW ==

Arewiwing



“JUSUIUOIIAUS (UaAlIp-}diIds) Te[npowW & 0} PajIdAuod 3¢ [tm AEOAW
‘sopiqeded uSisap ayy Sursearout (s A[TYM spuRWIIMbal Sunndwod ayj yoeq afeds
o] ‘sadanosar mdwiod a[qe[reae sy uey) Jasey moid saniiqeded u3rsap s,DAN

‘sastoraxa udsap jurtodnnur
2INjNJ U 9U0JSIBUIOD © WLIO] Ose [[Im 3] “wexdoid ] aseyd YSH Y3 Ul SU0jsafiu
Surwoddn ue Juneaw ur [erond st Ajiqeded uonjezrumdo deyj oruosuer; ayy,
-paanoid 0} Aem Yorym apewr 3q ued SUoIsap
araym yurod e 03 usAlp aq 03 sey santjiqeded JusTpeId djeLIa e A} U0 YIOM Y],
‘paposu se pajepdn pue ‘pajss)
“paerdwod aq 03 spaau suonen3yuod [DSH A/N/4/M Jo uonjeziwurdo pajerdaur
ue yjm asn 10§ Ayiqedes Surppou d1awosd ayj Jo uonejuawadur Ay L,

NIOM dIming

253



JUsWwuoJIAUS Jejnpow 0} EOAWN UBAUOD
uoneziwndo julod-niNN e
uoneziwndo dejj oluosuel|
juswdojanep ale|dwo)  :geESNTL Wiolpy —
Adueidlyje anoidw :qe14D 40} HOHIAY —
Aljqedes jusipelb sjeuss)y .

Buliepow a/N/g/m

254

SYI1DNOoa TIIANNOAOION ——

34O\ 94n}n4



1661 ‘82-62 AMenuqa4 ‘Asjbue YSVYN
doysyiop\ @ouewIOdd dlWweuApolay HSH

yays bueq-yiyo
weljepunsg ‘4
uejsly uely

saipn}s ubisag
pue JUBWISS3aSSYy uoljejjeisu] a||92eN VIL

255



"$S800NS PajWI| Yyum pajdwiaiie a1am suoijedljipow
adeys ajjaoeu pue JauaAIp ‘Ajleul{ “JsUBAIP piseoqul 8y Joy uononpal ybiey e sisebbns
abpa Buipes| JousAIp ay) 1e 1ybiay Jake| Arepunoq ay) JO JUBWISSASSE Uy ‘passasseal

s1 Belp ay) ‘playmoj} [820] ayl yim siajul ay) Buiubije Aq sjuresisuod jajul Buihysiyes Jalyy

‘uswubije
ssosse 0} A1essagau s Ajifenb pjaymoy) 19jul ay) Jo sisAjeue uy "SUOIPUOD (Uoljiw 9¢'9 ="aY)
jsuun}-puim pue (uoljiw g2 ="ay) by Yloq Je ‘JusWSSasSEe P|alymoyj SE ||oM Se ‘SJuaLISSasSe
Beip uoie|eisul pue aocualauelul O} SI9jal JUBWSSSSSE SiY]  "uole|jelsu} au||aseq

oy} ssasse 0] Aiessaoau si I ‘Besp uonejeisul ajj@oeu ay) Buionpals ul dais i1sil € sy

1'0="D ‘v'2 ="\ JO uolIpuod asinIod duosiadns ay} Je uoneinbiyuod
VDL 8y} 10} S8|j@oeu ay} Jo Beip uolje|jelsul ayl adnpal usy) pue ssasse 0} s| aaljoalqo Asewnd
ayl yoiym ui Apnis pajejal |yyd ayi jo uonebiiseaul jeuoneindwod ay) syuasaid teded siy)

joeIISqy

256



‘pajussald si ABojopoylsw Buideys ajj@oeu/IaUBAIP B puk uoleinbyuod
a/N/g8/M YOL 8y} jo Beip uonejjeisul syl 8onpal 0} paul 8Je MalAapIs pue wiojueld yioq ul
Buiiequied sjj@oeN "A|qelspisuod peanpal aq ueo Jybiay abpa-Buipes| Jeusaip preoqur sy} eyl
pamoys osfe Apnis ay] “Anjenb moy 1ejul syl eAoidwi 0} Pajonpuod S) Jusubije J8|ul 9)|8oeU
‘a19|dwod S| JuBWISSASSE UOIB([eISul 8yl 80U “suoleinbiuod JapaAlp/ajedeu/Apoqg/Buim pue
‘8||@2eU paje|os| ‘Apog/Buim 8y} 10§ 8sINIO Je aouewopad auljeseq ay) SSasSE 0) Alessaosu
SI )| ‘aJ0jaiay] "suonIpuOd asINIO e uoneInbiuod suljeseq vy 1 ay) jo Beip uone|eisul

3y} ssasse 0} Aiessadau si ) ‘seipnis Buideys Jauanip/sjjaoeu Bujeuspun alojeg

"1'0="0 ‘v'2 ="IN J0 uOollIpuU0d 8siNIO dluossadns ay} Je uoneINBYUOD YO | Yl 40} S9||9orU
3y} jo Beip uoyejfelsul 8y} 8oNpal usy) pue Ssasse 0} SI LOYa SIy) Jo aAoalgo Arewnd ay |

aujno

257



SUONBIYIPOW JaqWIBD JI8UBAIP/8||80eN —
Juawssasse Jybiay Jahe| Arepunog —
Aurenb moyy 18ju1 panoidul 1oy Juswubije JaeAlp/e||ed.uU auljeseg —
sajpnis ubisap pue juswubije ajj90eN"
uoneulwJalap Aljenb moy 18ju] —
S9j|e0eN palejos| ¢

d/N/g/M
a/m -

(o= ‘¥'2="IN) @sino Je Juswssasse Help uoijejeisuj 8||90eN —
JuswIssasse aujjasege

UOHIPUOD 8SINID 8y} e souewIouad ‘018e aAoidwi O} SIBUBAIP/Sa||8oeU AjipoN—
uoneInBiuod suleseqg YD1 Sy} uo uolejjelsul JaUdAIP/d)|8d.eu By} SSassy—
:S9AI93[qO°

uIpnNoO

258



‘SJUN0D ¢ 0} ¢ punoJe s| soualdyip Belp ayi ‘luiod “"0 ay) Je ‘JonemoH erewnsa uonoLy-uIs

aje|d-jel} sy} yum pauiquiod Belp ainssaid sjn3 ay} uey) Beip SSa| JUNOD BUO INOGE SMOYS
uol|jiw g 1.2 = "8y 40 Jequinu spjoukay 1ybi; sy) 1e uonnjos S-N G/M Ag14D 8ul ‘10 = 'D Iy

"8]182 pg BAIXd Uk yum payoed aiem abpe Buijies) sy 1e biay 1ahe| Arepunoq

S} 82IM} UIYIM paUIBIUOD dlom Jey) uonoaap [ewlou Apoq ay) ul s|[8d Jaing ey pub

S9)01S-I9IABN 8y} uleiqo o} uoljjiw gg Jo Jequinu spjoukay e 10} abpa-buiies; Buim ay) 1e G'|
jo .A urejurew 0} Se 0s paiadlsn|o Sem (LpyxLygxee) pub g/m 48in3 ABojodo) O-0) piepuels v

"SUONN|OS Jaquunu spjouAay a[eas-|n} 8y} UO alow S|
siseydwsa ay) Aouepunpai pioAe o} ‘1eded siy) uj “Jaded Jayjoue ui UMOYS aJ8Mm SuoiRINBYUOD

A/N/G/M PUB g/M YO 8y} Jo} suoin|os (uoljjiw 9¢'9 =’ay) S-N pue 49jN3 ag149

uoneinbyuod g/Mm Vo1 3yl 10} siejod beiq

259



9 queioiyeo) Beig
05L0°0 00100 -

S m WO—.OO OO—.OOWQOOO M. . 7
IR . Y_N,\ tosool =
N SN 000
R ISR , S600/|” , T
0010 S0'0
S ——— L
i : : : : : : e
LT memm_ -ul %_mm_v m z iy —_—
L de—T Eio? 9)")+ieIng —o—|

(5 01X Z1z="od ‘v'z= I\ ‘ag149)
:o:@.:m::oo >_uom\m:_>> V)Ll 9yl Jo} siejod bBeiq

0 quelole0) Yi

260



‘pub g/Mm reuibuo

9yl wouj buiwco aoeuns (pai) ayem/abelasny ayl yum Paydlewsiw-juiod pue sisuaAIp/sajjeoeu

9y} O] JuBA3|3. SYI0[q |le yim paydjew-julod si pue abps Bujjiesy Buim sy suiejuod aoeuNns

uaalb siy] -usalb ul 8deuns doy JaUBAIP Byl yim paydied s ‘an|q ul umoys ‘adepuns Apoq
/Bum 8y a1y umoys ase uoieinbiyuod ay) jo uojod ga/M 8yl o] Jueasjal spub ay) AluQ

'sjuiod uol|jiw 9 INoge yum s20iq 1 JO pasudwiod pub

paydred Q/N/g/m Buninses sy -aunseaw Areuonnessid ja)18q USAS UE SEM sjuaipe.b abie

Jo suoibal woyy Aeme ssepunoq o0|q Buinopy “swsjqoid 1sous 0] uonn|os ay) aq 0} paao.d

siualpe.b abue| Jo sease u) Bulydlew-ulod "Sayem Se yons sease Jusipelb ybiy u) sayorewsSIW

00|q PUE "UONHOBIIP SNOJSIA 8} Ul S3O0|q 8100 8yl YIM SHDO0jq J8IN0 3|j8dBU 8y} JO yolewsiw

Y90|q ‘UONDBIIP [BULIOU 3Y} Ul SHO0I] g/M BYl UIIM SYD0|q JBINO0 8|j90.U U O yolewsiw 300|g
"Suoseal d1seq 8aly} 404 swd|qoid aousbiaAuod pamoys sbuoo|q plb a/N/a/M J8iue

‘Bunieisnio g-N 10j ussoyd siam abpa-Buljies; Bum 8yl 1e G'| jo ,A e yum saoepuns

P1IOS 1€ §]|90 padeds Ajjueisuod 881y} ‘Bulslsn|o 8||8dBU PalR|OSI PUB g/M a3yl yum Aouaisisuod

10} pue ‘puey Jaylo syi uQ Wybiay JauaAIp syl Aq palelolp a1em |80 Jang g 8ouis Buuaisn|o
$8)01S-JIABN 8y} Joj 1dope 0] 1noiip sem Apog/Buim sy se yoeoidde swes 8y} ‘alaH

(sx00]g Apog/Buip) uoneinbyuo) auljeseg yo1 ay)
10} ABojodo] puy sa8y0lg-13iAeN laldAIQ/a]|99eN/Apog/Buip

261



(syo01g Apog/Buim ‘sjuiod puo uoliliN LO'9 ‘s¥a0id 61)
uoneinbyuosn yH1 auljeseg ayl 10}
K6ojodo| sa)oi1S—JaiAeN JaudAIq/3l1eoeN/Apog/Buim

262



"LBYD 8y} Ul paAISSqo p|al 8y} ul Buuslisnio ayl ut s)nsal

UOoIym pajedo) ale S1alaAIp a8yl aiaym ‘1aulod saddn ,sejjgoeu ay) Inoge Buuaisnio palinbai

Aunuiluoo Buroeds Jo uonenasald ayl pue ‘8102 8yl yim sy20i|q J8lno ajjadeu ay) jo Buyoiew
-julod 8y "umoys ale uoneodo| abpa-buijies) Buim ay) e pub swn|oA ay] Jo SIND [BIXY

(s)oo)g yoeg 9j9oeN) uoneinbiyuo yo 1 auljdseg
9y} 10} Abojodo] so)01S-131ABN J9MBAIQ/d|199eN/Apog/BuIp

263



T

va
e

7 11T

{7

A\
N

ANSSURI
AR

(s»o01g Yoeg 9|19deN ‘Siuiod PUD UOIIIN LO'9 ‘SHD0|g 61)
uoneinbyuo) yo1 auljaseg ay} 10y
ABojodo] sa)oig-JiaineN JauaAIqg/al|9oeN/Apog/Buim

264



*a/M 8y} JO 8soy} yum saibe spuai syl “uiod Besp wnwiuiw 8y} punose
“JOABMOH ' 1°0 J0 D B e Beip paseaidul JO SJUnod §°Q INOGe SMOYS Jejod S-N @y} ‘uoinjos g/Mm
ay) axjun ‘o |lom Aure) oai6e S-N pue J9|n3 10} siejod Belp ay} ‘@sed g/W aul ul sy

uonenByuos A/N/E/M duljeseg Y1 ay} 10} siejod beiq

265



0 eioye0) Beig

05100 00100

06000

S60°0(

001'0|"

o [ o ___?me.&.______,%_mm )
0

———— (s 1p="0)

SN --8--
+18INy —o—|

;01X ZL2g="oY ‘b'2="IN ‘a€149)

uoneinbyuo) auleseg voH 1

lauanIg/9lI3oeN/Apog/Bul \\ ay) 1oy siejod Beaq

S0'0-

000

S0°0

oLo

S0

0 ‘sioeo) Y

266



-joded Jualayip B Ui UMOYS SBJew}sa UoNOLy-UMS are|d 1ejj yim
19|ng AQ parewise auo ayi ueyl 19yBiy JUNOD dUO INOQe S| JudWaIoUI SIY] "JBaquinu spjouAay
ajeos-||ny 1e sisAjeue S-N 8y} 10} SjUnod g Auesu si (1°0 ='D 1e) Belp uonejjeisul 8y

suoljeinbyuo)
a/N/g/M pue g/M VOL1 auljeseg ay} 10} Siejod Be.q

267



99 “uaioyeo) Beiq

00100

, 5600

——001°0|

/NI - -e - -

M\ —o—

suoijeinbijuon

(xewoJ-uimpjeg ‘ 01X ZL2="0Y ‘v'g="

31 aujjeseg Apog/buip pue
18U9A1 /318 N/Apog/Bul ( ay) 10} siejod beaq

S0°0-

000

S0°0

0 ‘qusdIe0) Yi

010

S0

N ‘s@)oiS-191AeN QE149)

268



"uonn|os
19|n3 ay) uey) Besp ainssaid uone|eisul Jojjews e pjaiA o} uoinjos S-N ayl 108dxa pjnom

QU0 ‘SPIOM JOYl0 U] ‘S-N WOl panasgo usaied ¥ooys 8|qnop ay) uey) beip ainssaid aiow

anib A|jeaidA) pjnom 18jn3 wouy paniasqo uisied 3ooys ajduy sy 1yl sjou 0 Ayuom st Jj

*SUOIIN|OS S8Y0)S-IBIABN 8Y} JO 8S0Y} UBY} Jje 1ayun}
pue JabuoJls aie suoisuedxa PUe SYO0US JOUBAIP/aj[ed.eu pajolpaid Jaing suonoelBul Buous
wouy Aeme suoibai se |jom se aoepns Jjaddn Buim U} U0 PAAISSQO 8B S8OUBIBYIP |[BWS

uoljeinbyuo)
a/N/g/M auijdseq vJ1 8yl 10} suoliinqiisiq ainssaid

269



%LE LY

%068

oL w“o 90 who N“o 00

0f 80 90 0 €0__00

%6°€S R _
%0 89
%LE LY
0l _ 80 90 ¥0 20 00
. (xewo-uimpleg) g-N - - - - - -
%6°€S

%661

13

0LX2L2="0Y ‘.81 '€= ‘v'2="IN ‘Q€14D

uojelnbyuod a/N/a/m
VOl auljeseg a8y} 10} suolnquisig ainssaid

270



"suoIsuedxa Jap|noys a||aoeu 10 JauaAlp Buons ay) Aq pausyeam Jayuny aie
SHO0YS 8y} ‘UOIIN|OS S-N 8y} WOl paAIasqo syo0ys Jo Bulesws juediubls e 0] uonippe uj

"abueyd pinom uoibas [puueyd Y} BpISUI SUOIIOBIBIUI BU)
‘Apuanbasuo) -uoiIN|os Jajng ayl AQ UMOYS 8S0Y} UBY} JBJUN|Q yoNwW ale SYO0ys S-N 8y |

uoljeinbyuod yoL
a/N/9/M suljaseg 9y} 10} SIN0JUO0) 3INSS3id 9JeLING I9M0T

271



(xewoT-uimMpeg) S-N

o0l X 212 =94 ,816°'€ =0 ‘v’z =" ‘ ALT4D
uoneinbyuo) yo 1 1ouaAIg/aliedeN/Apog/Buim
auljoseg 9y} 10} SINOJUO0Y 8INSSAId 9IBLING IOMOT

272



"oseq

e J0 9ouasaid ay] yum pajeidosse uoisuedxs Buoils e Jo 8oussaid 8yl MOYS SS0P MBIA BpIS By}

‘JOAOMOH "S82BUNS PI|OS punoJe JaAe| A1epunoq e jo aouasaid ayl 10} 1da0xa ‘suoinjos Js|nJ

ay} SE I0IABYS( [|RJOAO BWIES Yl MOUS g Lg="0Y Je uoln|os S-N 8yl Joj SIN0JU0D 8y "Sd|j9deu

ay} Jo uoiuod 18jul 8yl puUNOIe PAAISSgO aJe sjuaipeld Jolew ON playMo|) 3yl yitm paubije

aq 0} pey 9||90.U 8Y) ‘JusWwissasse Belp uoie|elsul/eousiadiul 8y} 10) senjea beip ainssald
8]eInooR ulelqo O] JOPIO Uj "SUOIIB|NWIS Pale|os! e 10} Pa10d|as Sem 8jj9deu pJeoqul ay |

uolnjos S-N ae14d0
a||9oeN pleoqu] palejos] Y1 3y} 10} SIN0juo) yosep

273



Mach Contours for the TCA Isolated Inboard Nacelle,
Side and Top Views with Inlet Aligned with Freestream,
CFL3D N-S Solution, M..= 2.4, Re_= 212 x106

(3 Block H-O Grid, Baldwin-Lomax)

~

Top View

274



"PaJIspISu0 si Jeyl lJuauodwiod ¥ | Ayl yiim

saleA Belp ainssaid uo J08Yd Jaquunu spjouiay ayl 1eyl Leyo Siy} Woly usss aq ued }j "sjunoo

$1°0 INOge SMOYS uofle|nwis S-N Jaquinu spjoukay a[eos-||n} 8y} 8|Iym 18N JSA0 JUSWAIDUI

JUNOD g1 " B SMOYS sisAjeue S-N Jaquinu spjoukay |auuni-puim ayj uoneinbyuod q/N/a/M

ay} 40} ‘Apeliwig "ased 1aiNg ay} JOA0 8SesIoul JUN0D $€° | B AJuo SMOYS uonenwis S-N Jequinu

spjoufay ajeos-||n} a8y} ajiym sisAjeue Jo)n3 sy} uey) Beup ainssaid 810w SUNOD 94°g INoge

SMOYS Jaquinu spjouday |suun}-puim au} Je sisAjeue S-N ay} ‘uoleinBbiyuod g/a\ ay) 1o} ‘19AMOH
‘sasAjeue |[e 10} |eoljuap! S| S||90kU Pale|0s] JNo} 8y} Joj paulelqo Belp ainssaid ay |

‘Jaquinu spjoufay a[eos-||n} Je S-N Pue ‘1aquuinu spjoukay [duunl-puim Je S-N ‘18ing ge140 wody
paurelqo s}nNsal apis-Ag-apis sapn|oul Ueyd Jeq ayl "uoneinbiuod YO 4 8yl JO ‘S8|j8dru pale|os!
¥ 8yl pue ‘a/N/g/M ‘g/M ‘sluauodwod snouea ay} 1o} Beip ainssald syl SMOYs LBy Sy |

10="0‘ve=IN
uoneinbyuo) yH1 ayl 10} umopyealg beiqg ainssaid

275



"OVN "OSl v a/N/a/Mm a/M
-m.¢-m.v-_§.v_

Otxziz=eus-N M
JOLx9g9=2ys-N N
wemn3 1l

b'eLlgges199'¢L vv'cligges

y2="W'10="0
uoneinbyuo) yH1 ayj 10} umopyealg beiq ainssaid

0¢

0]7%

09

08

(syunod ul) Beaq ainssald

276



"suoieInbyuod g/M auyl
10} panasqo si ajejd-lely yum Aouedaidsip Jaybiy e ‘os|y “saquinu spjoukay yim seseasdsp Besp
SNOJSIA S-N PUB SBJBWIISS UOou-uiys ale|d-1ej) uaamiaq aouatayip 8yl eyl Ueyd Siyl wolj usss
8Qq UBD ]| "JUD||8IX8 SI SO1BWIISS UOIOly-uns aye|d-1ey} pue Belp SnodsIA S-N usemiaq juswasibe
3y} ‘S8||adeU Paje|os! Noj 8Y) 104 “J1agquinu spjoukay 8|eos-|In} 8yl 40} SIUN0I |°( PUB Jaquinu
spjouAay jauun}-puim a8y} 10} SJUNOD g/ " | O} PaoNPa4 S| 8ouaJaYIP 1eyl ‘uoneinbyuod a/N/g/M
3U} J04 "UOIjiw Z g ="8Y 1O} JOMO| SIUNOD 28" | PUB UOI|ji 9¢°9 ="8Y 10} Serewnss arejd-1e|} ay)
uBY] JOMOJ SJUNO0J |°¢ Inoge si Jusuodwod Beip SNoISIA S-N ay} ‘uoieinbijuod g/M aul 104
"Jaquinu spjoukay ajeos-|n}
8y} 1o} 9s0y] 0} spuodsaliod Leyd WON0Q 8yl 8jiym S}Nsal Jaquinu spjoukay |auuni-puim ay} o}
spuodsa.i00 peyo doj ay| -bBelip snoosia sasAjeue G-\ pue sajewlss uoiouj-umys areid jey) wouy
paulelqo synsal apis-Ag-apIs sapnjoul Weyd Jeq ay] -uoneinbyuod yo| 8yl Jo ‘sajjsoeu paje|osi
¥ 8yl pue ‘a/N/g9/M ‘9/M ‘Stuauodwod SnoueA ay) 10} Beip SNoJsIA 8yl SMoYs Leyd siy |

1'0="DvZ=N
uoneinbyuon yo1 3yl 10j umopyealg beiq uonou4-uns

277



S-N 9le|d ield S-N 9ileid ield S-N 9le|d-leld

_,mm.o_ _Nm.m_ H
I :
VSLE PSLL ]
7RV [ 7] :
"OVN 'OSi v a/N/g9/M g/M
PZ=IN‘L'0="D

uoneinbiyuo) vy 1 3y} 1o} umopyealg Beiq uonou 4-upis

o

o
Q\|

o
v

oaH

OLX2ZI2Z

(siunoo ut) Beiq uonou4-uiys

278



A | ‘Beip
uone|eisul ainssaid uo uonnquuod Jueoliubis B aAeY S108))8 SNOJSIA Jey] 108} 8yl 0} spiaif yoiym
Beip uonejelsul ainssaid ay) e Bupjoo| uaym pijea 18buo) ou si Jusweaibe Jo)e| ay] "salewllss
aye|d 1ej+19|NT YIM JaqUINU SPjouAay [SUUN}-puim 8y} Joj JUNod |°Q UIyIim pue Jaquinu spjouday
a[eos-||n} 8y} 40y JUNOD auo ulyimsaaibe sasheue S-N 8yl jo Beip jejo} uone|jeisul ay |
‘s1oquinu spjoukay 1ybyj 8yl se [[om Se [guuni-puim ayl yioq Je uoieinbijuod
a/N/G/M YOL 8y} 4o} Beip [ejo) pue ainssaid uoile|eisul 8y} sesedwod Peyd Jeq siy|

uoneinbyuosn yo1 ayi 10} beiqg uoljejjeisuj ajj@deN

279



S-N Jgng S-N J19|n3

S0

Gl

Lttt L2111 Ll [
) o
ainssaid

Ll 1l 1

(o)
jelol

) I T |

Ot

LL0L)
401 X 9¢'9 ="ay @Sxﬁwuomm 1

PZ=N‘1'0="
uoneinbyuo) v 1 ayl Joj Beiq uonejeisu; ajjoeN

(sunoo ui) Beiq uone|elsu

280



'Sased Jaquinu spjoukay b} pue [suuni-puim syl yloq 1o} Beyd Siy} ul umoys
si uoneInBIuod g/M YOL Ul UO pajjelsul sajj@deu ayj 01 8nNp 8ouUdI8BIUI 8jgRIOAR) 8Y |

uoneinbyuosn yo1 ayi 10} Heiq asualaiadiu] 9jj9oeN

281



01 X 9€°9 ="ay L0LXZlZ="8y

S-N  #9In3

PZ=N‘L'0="0
uoneinbyuon yo 1 ayi 10j Heiq asuaiaualu| ajjodeN

(syunoo) Heuq aouatouely|

282



Juswubije pasu ss||goeu Buleseq YO 1 8yl 1ey) saydwi

SIYL "8d®j }9|Ul 9||80BU PIBOGING 8Y] 10} S}NSAJ S9YOIS-IBIABN PUB J8NJ 8Y) Ul USSS OS[e dJB

SUONeEA Jaquinu YoB\ 8y} Ul S8ouaIayIp IYBIS “SyNsal say0iS-JaIAeN 8yl 10} panosdwr S| ydiym

Alwojlun-uou 8J0W MOYS SINOJUOD JBINT 8||80BU PJEOqUI dY} JeY) UBSS 8] UBD || "SINOJU0D 89Sy}

urelqo 0} pasn aJe S)NSaJ S8Y0IS-ISIABN PuU 8N 414D oyl yiog ‘uiebe souQ -uoneinbiyuod g
/N/S/M BUIIBSBQ YO L 8U} JO 808} 18jUl U} 1B SUONNGLISIP JSQUINU YOBY 8Y} SMOYS LBYD SIY |

uoneinblyuod a/N/a/m Vo1
suonnquisiq JaquinN yoepy 19juj aj|99eN jo suosuiedwon

283



PDIDOQU]
p4DOQINQ

S3)01S—-J3IAEN

DIDOQU|
DIDOYIN()

19|ng

N 362°¢C
| AN
<
i 0852
L. 20V ¢
7oz M 4
S.,

(.G°€=0 ‘p'2="IN ‘sosAjeuy @e149)
uoljeinbyuod a/N/g/Mm VI1
suoinquisiqg JaquinN yose 19juj ajj@9eN jo suosiiedw o)

284



's10/d JNOJU0D 8S3Y} WO} PAAISSGO UBD SINOIUOD UONEBLIEA MOJ) 19|Ul
3y} ul ddudlayip oI Aidp uaquinu spjoukay 1ybil 8y 1B S)NSa) S8Y0IS-JSIABN PUB J9iNg ag140
9} WOJy PBUIBIGO SJB SINOJUOD 8y "8UIISIUSD 998} }|Ul 8Y] WOJj SUOHBIASP JO WLIO) Y} Ul UMOYS

Je uoNRINBIUOD BUNESE] YO | SU) JO 908} }9|ul 8]|80BU B} 1B SUOIIBLIBA SjBUB MOJ} Y |

suoljeinbyuod a/N/a/m VoL
(131ua9 19jul Ay} 1e 3jbue ay) "1a'm) suoljeliep 3jbuy moj4 19ju|

285



pJIDOQqu|

DIDOYINQ

(301 X Z21L2=23y)
S9)01S—I3IABN

SETLE |

21buy v

(.G'€=0 ‘b Z2="IN ‘sashAjeuy Ac149)
uoneinbyyuod a/N/g/Mm Vo1 |
(121ud92 19JUI BY] 1B BIbue 3yl 0] "1i1'M) suoljeliep a|buy moi4 19|u|

286



Juswubije ay)

WIOJ) UONBIASP 8} SI 8|BuB MOJ} [BD0] 8Y) PUB JLIBWO0a6 [BO0] 8Y) LWIOI) P3JRINDJED SJUSISYID 8Y L

- JOUSAIP B} SE [|om SE 80e} 13jul 8y} 4oy paindwod sajbue MmOy dui SE ||9m Sse oulawoab ay) yioq

saAID peyo sIyl Ul 3jqe ] ayl -uoiieinbyuod a/N/g/M 8yl uo sasAjeue ay} ||e wiopad 0} JUSIUBAUOD

010W SBM }I ‘S9oB)} 15|l S8||90BU 8y} J& SUOop asam suoinguisip Aiejnbue moj) pue Jaquinu

OB Sy} 8ouIS "pasn si sisAjeue Js|n3 ay) Ajuo ‘seIpnis Jaljes uj peAIBSqO SE ‘ueaiiubis jou

ale S)nsal SeYOIS-IaIABN pue Jain3 ag14D 8yl Buisn parenofed Juswiubije ay) usamiaq adudaIP
ay} 9ouIS “uoiebisaAUl JuUSWSSasSSE Juawubie YO 1 8y JO SLIODINO 8y} SMOYS LeYod Siy|

"PaJapISUOD 819M (£°() UBY] 0w JO sjuswubijesiw

AuO "8k} 19|ul 8|j9JRU BY)} 1B PSIRINDED e SUOIBBA MO} 19|ul SY L 'sasAjeue qg140 aul

W04} pouIBIqo usaq aney uoneinbyuod g/N/g/M dulleseq YO 1 8 10} saluenbue Moy} ay} Se ||om
se sanuenbue oulewoab ay) ‘ade) 1ajul 8y} 1e suoieleA ajbue moj) 18jul 8y} 81endjed 0]

‘ugyenepun s| Juswssasse Juawubije ay} ‘y

1091100 Uy} pue siyi Auenb Apoexe o) “med pue youd yioq ui Juswubije pasu sajjodeuU auijaseq
VoL 8yl 1eyi moys AjgAiieljenb suonnquisip Jaquunu yoey pue a|bue moy} Jejul 8)j@oeu 8y |

oG =0 ‘p°g = N 49IN3 4€14D
uoneinbyuon yo 1 1aLaAIg/alj9deN/Apog/buln
auijaseg a9y} 10} JUDWISSISSY jJuswubi|y siadAIg pue sd}|3deN

287



JUdWU Iy
086’1 - - .- o8¢°1 - - o8C°1- | 10J uoneIOoy
oSh'E - b0 - oC8C | o880 | o€90 | o160 ‘Buy mopy
oLVl - 90 - oWVl | o80 | oF¥0 | 61°C | ‘Suy woan

umo | ur |umoqg| ur fumoqg| ur |umoq
up 2oL | youd | o1 | youd | so1 | youg | sor | youd
A1 qIn0 Al QU] BN "qin0 OBN "qu]

oG'¢ =0 ‘p'Z =" “49In3 @£149

uoneinbyuor
VoL 18udnIg/s)189eN/Apog/Buip auljeseg ay 10j Juawssassy Juawubijy sialanlq pue sajjeoeN



‘abpo Buijies) Buim ay) e s18LBAIp pue s8||8deu Jo
Buibiow Yl00Ws B urejuiew o) 1apio u jJuawubije o} Aressaosu s| buideys Anawioab jey) 810N
‘SIoUBAIP/S8||9orU Jo Juswubije ayy 10} ainpasoid pue yoeoidde ayi SMoys mojaq Leyd ay|

SJ19)19AI(]/SO||99EN O Juswublly

289



abpa Buijren Buim ay) 1e sispaAIp pue sejjeoeu jo Buibisw yloows e ainsugy —
8|bue 1snuy} 8jzzou pue ‘Wybiay aseq ajzzou ybiay JOUBAIP 8yl anesald —

PISMO}} ed0]
8Ul Yum a9e} 18jul 8y} ubife o) sJaleAIp pue sajjeoru adeysay e

meA pue youd ui paubijesiw aiam SIB)IBAIP/S9||808BU VOl auljeseg -

S19119A1(Q/Sd||@0eN JO Juswubi|y

290



"(ooys 196u0.41s B Yylm Spus pue pJemio} Jej 00} adoe|d
seye) eyl uoisuedxa UB ‘SpIOm Jay)o ul) uoisuedxa ainjewa.d e 0} sjulod pue Juedyiubis aiow
Saw023aq ooys Arepuodas siy} ‘Juswubije Js)jy "uo1108|}84 ¥O0ys ayl a10}8q Jybu paAIasqo

S| uoisuedxapooys AIepuodas e ‘JIoUSAID PJEOJING 8y} JO [sued pieoqul ay) Je Buiyoo| usyp
"9seo paubije ay) 10} oLIBWWAS

aiowW S| yooys abpa-Buipes| JoUBAIP PJBOGINO 8y} ‘apljs snoiaaid e ul pauoniuaw Sy

Juawiubijy 19119A1Q/3]|998N 181V pue alojag uoneinbiyuo)
a/N/9/M VOL 3yl 10} SINOJUO0Y) 3INSSAid 99B4NS JOMOT

291



Julpseq

oSE=V YT =" BINY AT
JURWUSIY JINIIAI(JA[[PIBN J9)JV PUe 310Jo¢ uoneansyuo) vH I,
JIIAI([RI[IIEN/APOY/SUIA\ 3Y) 10J SINOJUO)) IINSSIIJ IIBJING IIMO]

292



‘awles ay) si ybiay 1ake| -Arepunoq paalasqo
|lesaA0 ay) ‘Bunisisnio pub anne|al Juaiayip 8as Jake| Arepunog ay) Jo suoiuod Jualayip ybnoyl
uaag -selbajens Buuslsnio pub ul seouaiayip Jo auds ul uonn|os G/N/g/M 38Ul JO 1Byl 0} Jejiwis
K1aA s1 uoneoso| abpa-Buipes| pieoqui oy Je uoln|os S-N g/M oY} woJj pauielqo sjyoad ay |

‘siybiay Buipuodsaliod

118y} pue sajijoid sake| Aiepunoq ayj 1e 00| J8so|d & aye) 0} papioap sem )i ‘Aflusnbasuo)

‘Hjeuaq Belp JuUNod G paleIdosse ue pue uoponpal ybiay abpa-buipes) jeusAip e

Ul P8} Nsal UoIIBO0| 18|Ul 8y} JO WEBaIISMOP Sayoul 0G| uolels e o) 1oadsal yim uonelos dn-youd
® ‘g|jeoruU pJeoqul 8y} Joj plamols 8yl Yim 1ajusd 18jul ay) ubie o) sidwalie 4no Jo auo uj

(a1199eN pieoquy)
a/N/g/M pue g/M wouy sajijoid J2Ae] Aiepunog jo uosiiedwo)

293



Comparison of Boundary Layer Profiles from W/B and W/B/N/D
CFL3D N-S solutions, Baldwin-Lomax Turbulence Model
o= 3.518°, M..= 2.4, Re, = 212 x 106

Wing/Body N-S Solution

Approximate Boundary Layer Profile

25 Inboard Diverter Leading Edge
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